The time course for functional recovery following stroke has not been well defined. To obtain an unbiased picture, we studied the pace of recovery using standardized neurological, functional, and cognitive tests in stroke survivors in the Framingham cohort over a 4&frac12;-year period. Of 119 patients who developed new strokes, 67 survived 1 year; of these, 46 were evaluated at onset, and at 3, 6, and 12
months poststroke. Significant recovery was documented in the Barthel Index, mobility, self-care, and language. This occurred chiefly during the first 3 months, with marginal gains thereafter. Multivariate analyses revealed no differences in the pattern of recovery with regard to clinical or demographic characteristics. These data from a community-based study document improvement in physical function over a relatively short period of time after stroke onset. Focusing treatment and rehabilitation within this specific time period may enhance eventual outcome for stroke survivors. Key Words: Cerebrovascular disease&mdash;Epidemi&mdash; ology&mdash;Prognosis&mdash;Activities of daily living.
Stroke is one of the foremost causes of death and disability among older adults. For those who survive, knowledge of the time course of functional recovery is useful for planning treatment, rehabilitation, and long-term placement. With an increasing elderly population and limited resources, restorative care should be targeted to the time that takes advantage of the natural recovery process.
.Data on the course of recovery following stroke, based on a general population sample rather than on clinical information, are sparse. Such data collected prospectively are desirable because the information can be obtained systematically on all strokes that occur in a population under surveillance, not just those referred to specific hospitals or rehabilitation centers. In addition, a more complete and accurate picture of the course of recovery may be obtained using a time-ordered longitudinal format with measurements of physical, functional, and cognitive recovery at specific intervals after onset of stroke.
Patients in this investigation are all members of the Framingham Study cohort who sustained strokes during a 41/2-year period and who were routinely evaluated at specific time intervals from stroke onset. Using multiple standardized measurements, we documented the time course of functional recovery as it evolved in this general population sample of stroke survivors.
at SAGE Publications on December 7, 2012 nnr.sagepub.com Downloaded from Methods ' The Framingham Study has followed a communitybased cohort of 5,209 men and women biennially for the development of cardiovascular disease, including stroke. These subjects were 30-62 years old at entry in 1948-1952 and have been studied every 2 years for risk factors and disease endpoints by interview, physical examination, and laboratory tests. The period of study for the time course of recovery following stroke was set from December 1,1981, through May 31,1986. This 41/2-year period was chosen because intense surveillance and serial evaluations of stroke cases were begun at that time. Daily monitoring of all the cohort admissions to the only general hospital in the area, the Framinghan Union Hospital, was maintained. All suspected strokes were evaluated by the study neurologist and research nurse, and if confirmed, were entered into a follow-up protocol.
To be included in the time course of recovery study, stroke cases had to: (a) be a member of the Framingham cohort since 1950, (b) sustain the initial stroke between 12/1/81 and 5/31/86, (c) survive at least 1 year after stroke, and (d) participate in all serial examinations. All stroke patients were examined shortly after onset, usually within 48 h; during the stabilization period, at 10-14 days if still hospitalized; and at 3, 6, and 12 months. Detailed neurological examination, determination of functional status, and evaluation of cognitive function were conducted at each examination.
Classification of Neurological Deficits
The standard neurological examination included assessment of motor strength and coordination, sensation, visual field abnormalities, and language function. Information was obtained and coded relating to stroke onset, mechanism, and computed tomography (CT) findings; cerebral arteriography and noninvasive carotid testing were reviewed when done. For motor strength measurement, a summation scale for all four extremities was coded; scores ranged from 0 (no movement) to 5 (normal strength in each extremity). For all components the range was 0-20 for the sum of all elements. Language dysfunction or dysphasia was categorized as none, mild, moderate, or severe.
Strokes were classified into five subtypes: atherothrombotic brain infarction (ABI), cerebral embolus (CE), lacunar infarction (LI), and subarachnoid and intracerebral hemorrhages (SH/1H). Categories for site of lesions included right hemisphere (RH), left hemisphere (LH), and brainstem (B5).. Confirmation of stroke subtype, site, severity, and etiology was made on all cases by a panel of physicians who reviewed all examinations, hospital records, and biennial examination data.
Functional Assessment
Functional performance was evaluated using a four-point modified Barthel Index of activities of daily living (ADL) scored concurrently with the neurological examination (1) . Included in the measurement were bowel and bladder continence, self-care activities (feeding, dressing, grooming, and bathing), and mobility functions. The composite Barthel Index score ranged from 0, which denoted complete dependence, to 100, representing complete independence (1, 2) .
Test of Cognition
, The Folstein Mini Mental State Exam (MMSE) was the instrument used to measure cognition (3). Its reliability and validity are well established, and the tool has been employed in a number of epidemiological studies. The test consists of 16 items that evaluate orientation, attention, language ability, memory function, and constructional ability.
Sociodemographic factors included in the study were age at onset of stroke, sex, marital status, and location in the community.
Statistical Analysis .
Repeated measures analyses were performed to document change over time for all categories. Each individual was compared to his/her own scores over the four evaluation periods. Adjusted paired t tests were employed to identify the time at which significant recovery occurred, and multivariate repeated measure analysis was used to determine the net influence of specific variables on a given time of recovery. Z scores were computated so that changes over time in several measurement scales could be graphically plotted.
Results
Of the original Framingham cohort, 2,999 subjects were alive and free of stroke as of December 1981.
During the 41/2-year study period (December 1, 1981, to May 31, 1986), 119 subjects sustained an initial stroke; of these 67 survived for 12 months. From this group of survivors, 21 did not take all serial examinations for the following reasons: 11 had minimal deficits not recognized as strokes and as a result were not hospitalized for the acute examination, the strokes of seven patients occurred out of state, two patients refused one or more of the exams, and one patient moved away. This resulted in a study sample of 46.
In this sample of 46 stroke survivors, the mean age was 77.2 years (range, 63-79 years), 28 (60%) were women; 13 (28%) were married, and 3 (6%) resided in a nursing home prior to the stroke. The most common mechanism for stroke was ABI (22 cases, 48%) followed by CE (12 cases, 26%), U (9 cases, 20%); and IH (3 cases, 6%). Eighty percent of the strokes occurred in the cerebral hemispheres (14 LH, 21 RH, and 20% (9 cases) occurred in the brainstem.
For all modalities tested, major functional recovery occurred within the first 3 months (Table 1) . When the scores were standardized and improvement plotted over time, significant recovery took place during the first 3 months in the Barthel score, self-care, mobility, and language function (Fig. 1 ). For these patients, the Barthel Index scores improved significantly from a mean of 58.8-77.2 (p < 0.001) in the first 3 months, plateaued at 6 months, and declined slightly but not significantly at the end of 1 year. Examination of the individual components of the Barthel Index revealed that the significant improvement was specific to self-care activities (p < 0.05) and mobility tasks (p < 0.001). For the other variables only a modest, nonsignificant improvement was observed in bowel and bladder function, cognition (MMSE), and strength For language, the pattern of recovery was somewhat different. Although greatest improvement in language occurred in the first 3 months (p < 0.05), language continued to improve over the entire 6-12 months poststroke period, with greatest recovery demonstrated at the end of 1 year.
Because the total study sample was composed of different stroke subtypes, we examined the pattern of recovery in the 27 hemispheric strokes due to atherothrombotic and embolic infarction, excluding from the analysis the 19 cases of hemorrhages, lacunes, and brainstem strokes. The general time course of recovery was similar to that shown in the total stroke sample (Fig. 2 ). There was significant improvement in the Barthel Index score (p < 0.01), mobility (p < 0.01), and language (p < 0.05), with the standardized recovery curves approximating each other at 3 months. In addition, this hemispheric stroke subtype group showed significant improvement during the first 3 months in the MMSE, a change not seen in the analysis of the entire sample of stroke patients. For the total stroke population, the mean acute MMSE score was 19, and it increased to 21 over the 3-month period, not a statistically significant difference. In the subset that excluded lacunes, hemorrhages, and brainstem infarcts, the mean MMSE score during the acute phase was 16, and it increased to 20 in the first 3 months (p < 0.05).
The question of whether rehabilitation affects the rate of recovery and the maintenance of gains achieved was addressed by comparing the Barthel score of . those who were admitted to inpatient rehabilitation programs with those who were not. In this comparison (Table 2) , those who had rehabilitation (n = 12) were more disabled initially (Barthel: 36 vs. 68) and made significantly greater improvement during the first 3 months (p < 0.05). Those who received inpatient rehabilitation increased the Barthel score by a mean of 30, compared to those who did not have rehabilitation, whose mean improvement was 16. For those who had formal rehabilitation, greatest improvement occurred during the first 3 months, continued through the 6 months of evaluation, and showed some decline at the end of 1 year. ' To discern if stroke subtype, site of lesion, age, or sex was associated with a different pace of recovery, a multivariate repeated measure analysis was performed taking into account all these variables simultaneously (Table 3 ). Although the number of cases was too small to permit definite conclusions, certain trends were observed: (a) for bowel and bladder function, patients with LH strokes were more impaired initially and made the greatest gains over time; those with RH and BS strokes were initially less impaired, improved only slightly, and at 1-year function had declined; and (b) recovery of motor strength was different between the various types of strokes; those with hemorrhages were weakest at stroke onset and made the most recovery over time, whereas the degree of recovery for those with infarctions (ABIs, CEs, and LIs) was not as dramatic. However, the number of patients with hemorrhages was quite small (n = 3), and this observation will have to be extended into a larger cohort to test it validity.
Discussion
Determining the time course of functional recovery is an important issue in stroke outcome research. Although previous studies have addressed this issue, the samples studied have often been biased by selection factors (4) (5) (6) (7) (8) (9) (10) (11) (12) . Furthermore, studies of long-term outcome after stroke have been difficult to compare because of methodological inconsistencies (13, 14) . The cases in this study represent a community-based population sample of those who survived at least 1 year after stroke and whose functional recovery was documented using several standardized measurement instruments. Prospectively collected systematic data from a community-based population minimizes inherent selection biases. Using multivariate statistical techniques, with repeated analyses on the same population sample and excluding nonsurvivors, provides a more reliable method for assessing the time when functional recovery is most likely to occur.
Reported data on the time course of stroke recovery has shown much variation. Several studies have documented the most rapid recovery to be in the first few weeks after stroke, becoming progressively slower thereafter (2, 5, 10, 15) , whereas others found significant improvement beyond 6 months (1,6,7) . Studies that use time of admission to rehabilitation rather than stroke onset as the starting point for subsequent serial evaluations can be misleading. This type of study design eliminates those on either side of the severity spectrum, those who are minimally disabled and those most severely disabled, since these patients are not likely to be admitted for inpatient rehabilitation. Our study in a community-based cohort of all stroke cases provides evidence that most recovery takes place soon after stroke onset for every level of severity. For all variables tested, with the exception of language, significant improvement took place within the first 3 months, plateaued at 6 months, and then declined slightly at 1 year. The measures used to document recovery, specifically the Barthel Index, the MMSE, and serial physical examinations provide a multifactorial approach to identify the evolution of improvement in a stroke population. The Barthel Index categorizes the level of performance in the basic ADL modalities of self-care, continence, and mobility. As a research instrument, it has been found to have the ability to detect small but real changes in functional abilities (16) . The MMSE, a clinical tool that incorporates measures of orientation, attention, calculation, and language skills, provides a standardized method to identify those with cognitive impairment. Clinical evaluation of neurologic deficits in conjunction with functional and cognitive status substantiate a broader picture of the total recovery process over time.
Some of the differences seen between our findings and those of others can be attributed to the advanced age of the study population. The mean age of our group was 77 years, whereas other populations were a decade or more younger (4-11). Wade has reported that older patients suffer more severe attacks and have more limited functional return (17) . Our study confirms these results of limited recovery in a group of long-term survivors of stroke.
It is uncertain if formal rehabilitation facilitates recovery. In a time when resources are limited, allocation of therapy to older individuals needs to be ex-amined in light of eventual outcome. Our data support the general view that patients referred for formal inpatient rehabilitation make greater and more rapid gains in physical function and that these gains are sustained for a longer period of time than patients who start at a higher level of function and are not sent for inpatient rehabilitation.
The question of whether cognitive recovery follows the same time-course pattern as physical functional recovery was addressed in this study. Although some changes did occur over time in both modalities, cognitive improvement lagged behind the physical functional gains. Throughout the study period, deficits in cognition did not change appreciably, even though those with language impairments continued to demonstrate improvement. This discrepancy possibly relates to the fact that the MMSE is a test of general cognitive function and is not sensitive enough to discern specific changes that can be elicited in a clinical examination. For each cognitive examination, the mean scores were below what are considered normal ranges for this age group (18) . Degree of impairment did diminish in the hemispheric infarction cases, but not in the total stroke sample. Since Us and BS strokes were eliminated from the infarction population, this subgroup probably contained those whose cognitive deficits were directly related to the acute infarct, and . cognitive recovery mirrored physical improvement.
Analysis of the nature of functional recovery by stroke subtype and site showed some differences in the actual scores between subgroups, but the pattern for recovery was essentially the same. For instance, among the various sites, the LH stroke patients showed the greatest degree of impairment and made the most improvement in the first 3 months; the least change was noted in patients with BS strokes. For all subcategories tested, the first 3 months was the time period in which most recovery occurred.
In conclusion, utilizing a systematic evaluation of neurological, functional, and cognitive abilities together with knowledge of stroke type and site in substantial number of stroke patients should make it possible to identify more specific patterns of functional recovery after stroke. It may then be possible to categorize acute stroke patients into groups, based on their prospects for recovery in various dimensions, and to target treatment and rehabilitative efforts to that period of time, in which the greatest amount of functional recovery is now known to. occur.
